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@ Thermosetting resinous binder compositions, their preparation, and use as coating materials. 

@ Theromosetting binder composition for coating, com- 
prising: V. 
(I) (1) A non-acidic resinous compound, saturated, 
molecular weight at least 900, alcoholic hydroxyl 
content at least 0.2 eq./i 00 g; 
(2) as cross-linking agent a non-acidic polyester of a 
polycarboxylic acid, having more than one 0- 
hydroxyl ester group per molecule, at least one 
of components (1) and (2) having an alcoholic 
hydroxyl functionality of more than 2, and 
as curing catalyst a transesteriflcation-promoting me- 
tal salt or complex which Is soluble In liquid hydro- 
carbons. 

For aqueous compositions component 0) 0) * s P^* 
ID ferably a neutralized epoxy resln/amine adduct and com- 
V ponent (H) should be Insoluble in water; the can be used 
— . for cathodlc electrodeposltlon. 

w 

5 
o 

Ul 



< 00 
C9 



ACTORUM AO 



02/10/2000 13:21:1JSeaa-1- 



1 



0012463 



THERMOSETTING RESINOUS BINDER COMPOSITIONS , 
THEIR PREPARATION, AHD USE AS COATING MATERIALS 

The invention relates to a novel type, of thermo setting 
resinous "binder compositions . The novel aspect is that these 
hinders can he cured through a transesterification mechanism, 
have a hinder structure that responds vithin acceptable times 
at acceptable temperatures to transesterification, and contain 
curing catalysts that are suitable for this purpose . The in- 
vention further relates to methods for preparing the resinous 
binders and to the use of the compositions for application in 
coatings, for example as a solvent-based varnish or paint, a 
coating powder, an aqueous dispersion, or as a water-borne 
paint in particular for cathodic electrodeposition. 

Thermosetting hydroxyl-containing resinous coating materials 
usually contain a cross-linking component, such as a phenolic 
resin, an aminoplast resin or a polyisocyanate ; for epoxy resins 
also polyamines, polycarboxylic acids and anhydrides thereof 
have found wide-spread use; curing catalysts are often added to 
reduce curing time andVor temperature. Curing times of up to 
i hour and curing temperatures of up to 200°C are for many 
purposes acceptable in the thermosetting coating field. The 
cross-linking component reacts during stoving with hydroxyl 
and/or epoxy groups of the main resinous binder component, 
and the cross-linking provides a coating which is insoluble 
and infusible, and therefore resistant to solvents and elevated 
temperatures • 

Another type of coating materials contain an air-drying 
binder, which can cross-link through carbon-carbon double bonds, 
in contact with oxygen; drying accelerators are here some metal 
salts, such as Co- and Mn naphthenate. 

The invention i s now defined as a thermosetting binder com- 
position, heat-curable to give an insoluble infusible coating, 
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comprising: 

(I) a mixture or pre condensate of 

(1) a non-acidic resinous compound essentially free of 
ethylenical unsaturation, having a molecular weight 
of at least 900 and a hydroxyl content of at least 
0,2 equivalents per 100 g, and 

(2) as cross -l inking agent a non-acidic polyester of a 
polycarboxylic acid, having more than one 0-hydroxyl 
ester group per molecule, at least one of components 
(l) and (2) having a hydroxyl functionality of more 
than 2, and 

(II) as curing catalyst a trans esterifi cation-promoting metal 
salt or metal complex vhich is soluble in liquid hydro- 
carbons . 

In this context some general expressions are defined and 
explained as follows : 

Non-acidic me ans that the material has an acid value of not 
more than 0.18 meq/g (acid number not more than 10). This will 
allow a residual acid content which in some cases is inevitahle 
in praxis due to the method of preparation. Preferably the acid 
content is not more than 0.09 meq/g, and for systems intended 
for cathodic electro deposit ion the acid content is preferably 
not more t han 0.02 meq/g; all values are "based on solid 
material . 

Hydroxyl means aliphatic or cycloaliphatic hydroxy 1, not 
phenolic hydroxyl. 

Beta-hydroxyl ester in the definition of component (i) (2) 
means that the carbon atom adjacent to the esterified hydroxyl 
has a free hydroxyl group; in other words the ester function 
is derived from a 1,2-glycol of which only one of the hydroxyl 
functions has been esterified. The glycol part may have sub- 
stituents, such as aliyl-, ether- or stable ester groups. Stable 
in this connection means that the ester group is difficult to 
hydrolyze, as is the case with esters of branched monocarboxylic 
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acids as hereinafter defined. This type of stable ester bonds vill 

not give rise to trans esterifi cation reactions under normal 

stoving conditions. 

Branched monocarboxylic acids as herein referred to are 

saturated aliphatic monocarboxylic acids -wherein the carboxyl 

group is attached to a tertiary or quaternary carbon atom and 

vhich contain 9 to 1 1 carbon atoms per molecule . 

Component (i) ( 1 ) has a hydroxyl content of preferably not 

more than 0.8 equivalents per 100 g. Component (I) (1) should be 
a soluble, fusible compound. Component (i) (1) may be chosen 
from several classes of hydroxyl- containing resinous materials, 
such as aXfcyd resins, epoxy resins, including the linear polymeric 
type derivatives of bisphenol A and epichlorohydrin, esters of 
' epoxy resins, amine adducts of epoxy resins, and polymers prepared 
by polymerization or copolymerization of ethylenically unsaturated 
monomers . 

A preferred type of alfcyd resin is an alkyd resin prepared, 
from a polycarboxylic acid or anhydride thereof, a polyhydric 
alcohol, and glycidyl esters of branched monocarboxylic acids. 

Another preferred component (I) (1) is an epoxy resin or 
derivative thereof. Preferred epoxy resins are glycidyl ethers 
of 2 , 2-bis ( U-hydroxyphenyl ) propane having the general formula: 

CH 2 -CH-CH 2 -^O-R-0-CH 2 -CH-CH 2 -^ O-R-O-CH^CT-CHg 

Y " w oh r Y 

vherein R is the group: 




and r is a number vhich for expoxy resins of different molecular 
veight can differ. For making soluble derivatives preference is 
given to liquid or semi-liquid epoxy resins (wherein r has a 
value of from 0 to 1 ) or to the lover solid epoxy resins vherein 
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r has a value of up to if; epoxy resins which are suitable without 
modification have a molecular weight of more than 1H00, and 
r has a value of more than In the solid resins of the latter type 
a great part of the terminal glycidyl groups is ; usually present in 
hydrolyzed form as glyceryl groups 8 due to the methods of preparation. 

Suitable epoxy resins of this type have molecular weights 
from 2000 to 1+000, epoxy equivalent weights of the same order, and 
have from 0.35 to 0.1*0 hydroxyl equivalents per 100 g; the epoxy 
content is too low to effect sufficient cross-linking without a 
cross-linking agent. 

Another suitable polyether of the latter type is a high- 
molecular weight linear polyhydroxyl ether, having a molecular 
weight of more than 20,000 and containing 0.35 hydroxyl equivalents 
per 100 g. Molecular weights herein are average molecular weights 
(Mn) as usual in polymeric compounds. 

Suitable derivatives of epoxy resins are hydroxyl-containing 
esters, such as esters obtained by esterification of one or both 
epoxy groups of the' lower epoxy resins(wherein r in the above 
formula has a value of from 0 to k) with a monocarboxylic acid, 
preferably a hydroxy alkane monocarboxylic acid, such as gly colic 
acid, lactic acid or preferably dimethylol propionic acid. Such 
esterifications are preferably carried out at temperatures below 
150°C to avoid esterification of hydroxyl groups, in the presence 
of catalysts known to accelerate epoxy- carboxyl addition reactions, 
such as tertiary amines, quaternary ammonium salts, quaternary 
phosphonium salts or stannous octoate. 

Other suitable epoxy resin derivatives are soluble adducts 
with pr imar y or secondary amines, in particular amines having 
one or more hydroxy alkyl groups, such as diethanolamine . The 
epoxy resin here is preferably one of the above formula, wherein 
r is from 3 to k. 

Other suitable epoxy resin/ mm" Ti e adducts, in particular 
suitable for cathodic electrodeposition, will be described herein- 
after. 
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Further suitahle compounds to act as component (i) (l) are 
polymeric reaction products of caprolacton with polyhydric 
alcohols, and resinous polyols prepared by copolymerization of 
styrene vith allyl alcohol. 

Still further suitable compounds to act as component (i) (1) 
are copolymers of hydroxyalkyl acrylates and methacrylates vith 
other copolymerizable ethylenically unsaturated compounds, such 
as styrene, methyl methacrylate, hutyl acrylate, and vinyl esters, 
in particular vinyl. esters of -branched monocarboxylic acids. Co- 
polymers containing the residues of the latter component can he 
made according to the process described in British Patent 1,M8,372. 

The compounds outlined above are in particular suitable for 
thermosetting compositions to be applied as solutions in organic 
solvents. Compounds vhich are solid at room temperature and have 
softening points above 70°C can also be used in thermosetting 
powder compositions- 

For vater-borne paints, in particular suitahle for cathodic 
electrodeposition, a further group of compounds has Been found 
very useful as component (I) (1). 

Cathodic electrodeposition for applying resinous coatings 
to metals, in particular to iron and steel, from aqueous solutions 
or dispersions is known in the art. For a brief description vith 
a literature survey reference is made to U.S. patent specifi- 
cation U, 115,226. In general, the starting material used is a 
vell-knovn binder component , such as a diglycidyl ether of a di- 
hydric phenol in which hy reaction vith a secondary amine 
tertiary amino functions are introduced, vhich by neutralization 
(complete or partial) effect solubility in vater, and transport 
to the cathode (upon application of direct current voltage) of 
the binder component. 

• For curing (after baking) of this coating a cross-linking 
agent must be incorporated in the paint bath, vhich cross- 
linking agent is also sufficiently deposited on the cathode 
upon a voltage being applied and is capable of effecting a 
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reasonable cure (which often requires certain catalysts). 

. According to the above U.S. patent specification (see 
column 6) a mono-urethane of a di-isocyanate is attached as 
cross-linking component to hydroxy groups of the diglycidyl 
ether basis, after which amino functions are introduced by 
reactions of the epoxy groups -with secondary amines (diethyl- 
amine, diket inlin e H-l , etc.). This binder, vhich contains as 
latent cross-linking component an attached blocked isocyanate. 
function, is diluted with water (causing the ketimine functions 
to hydrolyze with formation of primary amino functions) and 
neutralized with lactic acid. 

According to said U.S. patent specification the corrosion 
resistance of the cathodically applied coatings is improved by 
incorporating in the electrodeposition hath certain amounts of 
a water-soluble lead salt, such as lead acetate. Prom Table II 
(columns 7 and 8) it is clear, however, that as the amounts 
of water-soluble lead salt increase, the film thickness de- 
creases steeply to below the level that is considered acceptable 
for overall protection by a resinous baked coating. For neutral- 
izing an amino resin in a cathodic electrodeposition bath 
according to U.S. patent specification 3,682,8lU an acid is 
recommended that decomposes at the anode; in order to promote 
this decomposition it is recommended to incorporate in the bath 
gfflftii amounts of a decomposition-promoting metal salt. 

It has now been found that highly favourable resultB in 
the application of coatings to metals can be obtained by means 
of an aqueous electrodeposition bath incorporating a resinous 
binder composition which after neutralization with an acid can 
be diluted with water, the binder composition being based on 
soluble amin e adducts of diglycidyl ethers of dihydric phenols, 
characterized in that the binder comprises as component (I) (1) 
a compound having the formula: 
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A-B-^C-B-^A 

wherein m is a number from 0 to 2, A a group vhich is 
linked to B through a tertiary amino function, B a group 

OH ^ OH OH 

wherein n is a number from 0 to' h and R the hydrocarbon 
radical of a dihydric phenol, C a group vhich is linked 
to B through two tertiary amino functions. 
This type will further he referred to as a "linear" amine 
adduct • 

Another very useful compound as component (I) (1) is a 
compound having the formula: 

wherein A, B, C and m have the same meaning as ahove, p is a 
number from 3 to U, and D is a group linked to B through p tertiary 
amino functions. This type will further he referred to as a ; 
15 "branched" amine adduct.. 

Component B is derived from, a diglycidyl ether having the 

formula: 

OH /*\ 



10 



- CH 2 



wherein n is a number from 0 to U, preferably from 1 to. 3, in 
particular 1.8 to 2.2, and R the hydrocarbon radical of a 
20 dihydric phenol, preferably the group: 
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The latter dihydric phenol is 2 , 2-his ( U-hydroxyphenyl) - 
propane, and diglycidyl ethers thereof are known commercial 
products ( "EPIKOTE" 828, 1001 and 100U diglycidyl ethers, 
wherein n in the above formula has . a value of ahout 0, 2 or U, 
respectively). CcanpomntiListdejived from an amine that has a 
single secondary amino function "but may further have a variety 
of functional groups, provided they do not react with 
glycidyl ether groups under the reaction conditions used. 
Examples of such "latent" groups include hydroxyl groups, 
ketimine groups and ester groups. E xa mp les of suitable amines 
of this type are diethanolamine , di-i sopropanolamine and the 
diketimine of diethjien^ri amine vith methyl isohutyl ketone. 
Component C is derived from an amino compound having per 
molecule tvo U-H functions that are reactive with epoxy groups. 
These functions may "be embodied in a single primary mono-ami no 
function or in two secondary amino functions. Further this 
amin e may have other functions as well which react hardly if 
at all with epoxy groups, such as hydroxyl or tertiary amino. 
Examples are 3- (N,N-dimethyJlamino) propylamine, the reaction 
product of one mole of 1 ,6^d^aminohexane with 2 moles of glycidyl 
ester of "branched monocarboxylic acids, and amino-containing 
amides. For the preparation of the linear amine adducts the 
diglycidyl ethers are preferably reacted with amines as 
described above in the ratio of one amino-hydrogen atom per 
epoxy group, in which reaction the amount of amine having a 
single secondary amino group may vary from 33 to 100? of the 
available epoxy groups. If water-sensitive components, such as 
amines substituted with ketimine groups are used, the reactions 
thereof with the glycidyl compound should be carried out under 
anhydrous conditions. Reaction of the amines with the diglycidyl 
ethers can be effected in one or more steps; thus, the secondary 
amin e may first be allowed to react with the diglycidyl ether 
and then the amin e with the two reactive N-H functions added. 
Solvents such as glycol ethers or ketones can be used. The 
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reaction temperature may "be TO-lHo°C and is preferably 7O-120°C. 
It will be clear that the value for m is an average value and 
that this type of component (i) (1) indicates a general structure 
of a mixture of reaction products. 

The "branched" amin e adducts can be prepared by reacting 
first a part (say 25 to Uo per cent) of the epoxy groups of a 
diglycidyl ether with a secondary monoamine, such as diethanol- 
amine or dipropanolamine at moderate temperature, and reacting 
then with the polyfunctional amines.. 

An amin e having p N-H functions per molecule provides in the 
final adduct the structural component D; the N-H functions may be 
embodied in primary or in secondary amino groups, and further 
this amine may have other functions that react hardly if at all 
with epoxy groups, such as hydroxyl, tertiaryamino , or ester 
groups. When use of a commercial amine having a N-H functionality 
of more than k is contemplated, for example -because of its price, 
the functionality can be reduced by reacting that amine first 
with a sufficient amount of a monoepoxide, for example glycidyl 
esters of branched monocarboxylic acids . A very suitable amine 
20 having 3 N-H functions is a reaction product of diethylene 

triamine (1 mol.) and glycidyl esters of branched monocarboxylic 
acids (2 mol.). This reaction is preferably conducted at moder- 
ate temperatures, for example by starting with 80°C, and raising 
the temperature to 110°C until the epoxy content is zero. 
25 Another very suitable amine having 3 N-H functions is ob- 

tained by reacting 1 ,6-hexane diamine (1 mol.) and glycidyl 
esters of branched monocarboxylic acids (1 mol.) under similar 
conditions . 

An example of an amin e having U N-H functions is the re- 
30 action product of triethylene tetramine (1 mol.) and glycidyl 
esters of branched monocarboxylic acids (2 mol.). Apart from a 
reduction in N-H functionality, the reaction of polyamine and 
glycidyl ester may also serve to reduce the general re-- 
activity . 
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The preferred value of p is 3. It will be clear that values 
of m and p in the formula far the "branched adduct are average 
values and that its formula indicates a general structure of a 
mixture of reaction products. In general, to prevent gelation 
or a viscosity which is too high, the amount of secondary amine 
reacted first with the diglycidyl ether is p mol. per mol. of 
the p-functional amin e , or slightly more to he safe . Solvents 
such as glycol ethers or ketones may he used, and the reaction 
temperature is kept moderate, for example in the range of from 
70 to 1U0°C, more preferably in the range of from 70 to 120°C. 

In the general scope of the invention component (i) (2), 
the cross-l inki ng component, has more than one 3-hydroxy ester 
group per molecule. The B-hydroxyl group is needed for sufficient 
cross-linking at acceptable temperatures within acceptable times, 
for example at temperatures up to 200°C, and curing times of up 
to 30 minutes. By the process of curing or stoving the coating, 
B-hydroxyl ester groups of the polyester transesterify to the 
effect that ester bonds are formed between carboxyl groups of 
the polyester and hydroxyl groups of component (I) (1), with 
release of a glycol-type compound; the latter may then evaporate. 

The result is a cross-linked coating which is solvent- 
resistant and infusible. "When, on the contrary, a polyester is 
used which does not contain 3-hydroxyl ester groups, but say 
simple alkyl ester groups', such as methyl, ethyl or butyl, the 
transesterification is too sluggish to effect sufficient cross- 
linking at acceptable condiUons, and the stoved coating will 
not have acceptable solvent resistance: it can, for example, be 
easily rubbed away with a piece of cotton cloth soaked in methyl 
ethyl ketone (MEK). 

Compounds in general suitable as component (I) (2) are 
poly ( 2-hydroxyalkyl ) esters of polycarboxylic acids. Examples are: 
bis (2-hydroxyalkyl) esters of dicarboxylic acids, such as bis- 
(2-hydroxybutyl)azelate and bis(2-hydroxyethyl)terephthalate; 
poly( 2-hydroxyalkyl) esters of acidic half-esters prepared from 
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a dicarboxylic acid anhydride and a polyhydric alcohol. The 
latter type is very suitable if a final functionality of more 
than 2 is desired; an example is a polyester prepared by re- 
acting first equivalent amounts of the tricarboxylic acid 

5 anhydride {succinic anhydride, phthalic anhydride) with a tri- 
hydric or tetrabydric alcohol (glycerol, trimethylolpropane , 
pentaerythritol), at temperatures below 150°C, and reacting then 
the acidic polyester with at least the equivalent amount of an 
epoxy alxane, such as 1 ,2-epoxy butane, ethylene oxide, or 
10 propylene oxide. Another suitable polyester is a lower 

a-bydroxy aJky^erminated polj^alkylene . glycol terephthalate . 
A further -suitable polyester (tetra-functionel) is prepared from 
the half-ester intermediate from trimellitic anhydride and 
propylene glycol (molar ratio 2:1), hy reacting the intermediate 

15 with 1,2-epoxy "butane and the glycidyl ester of branched mono- 

carboxylic acids. 

In particular for aqueous systems, for example for cathodic 
electrodeposition, suitable components (1) (2) are non-acidic 
polyesters prepared from a polycarboxylic acid anhydride, one or 
20 more glycols, glycol mono-ethers, polyols, and/or monoepoxides . 
Suitable polycarboxylic anhydrides are dicarboxylic acid an- 
hydrides, such as succinic anhydride, phthalic anhydride, tetra- 
hydrophthalic anhydride, hexahydrophthalic anhydride, methyl- 
hexahydrophthalic anhydride; eminently suitable is trimellitic 
25 anhydride, also in connection with the hydrolytic stability of 
the products prepared with it. 

By glycols and mono-epoxides are understood compounds con- 
taining per molecule not more than two alcohol functions which 
can be reacted with carboxylic acid or anhydride functions 

30 helow 150°C. 

Very suitable mono-epoxides are glycidyl esters of branched 
monocarboxylic acids. Further, use can also be made of aliylene 
oxides, such as ethylene oxide or propylene oxide. Suitable 
glycols are for example ethylene glycol and polyethylene glycols, 
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propylene glycol and polypropylene glycols, and 1 ,6rrhexane diol. 
Non-acidic polyesters can he prepared, for example, "by reacting, 
in one or more steps, trimellitic anhydride (TMA) with glycidyl 
esters of Drenched monocarhoxylic acids in a molecular ratio of 
5 1: 1 -5 to 1:3, if desired vith the aid of an esterifi cation 

catalyst such as stannous octoate or "benzyl dimethyl amine, at 
temperatures of 50-1 50°C. 

Alternatively, trimellitic anhydride (1 mol.) can he reacted 
first vith a glycol or a glycol monoalxyl ether, such as ethyl- 

10 ene glycol monobutyl ether in a molecular ratio of 1:0.5 to 1:1, 
after which the product is allowed to react with 2 moles of 
glycidyl esters of "branched monocarboxylic acids. Furthermore, 
the polycarhoxylic acid anhydride (containing two or three 
carhoxyl functions per molecule) or a mixture of polycarhoxylic 

15 acid anhydrides can he reacted simultaneously with a glycol, 
such as 1 ,6-hexane diol and/or glycol mono-ether and mono— 
epoxide, after which the product can he reacted with a further 
amount of mono-epoxides , if desired. For aqueous compositions 
these non-acid polyesters can also he modified with polyamines 

20 such as diethylene tri amine to form amide polyesters. Such 

"amine— modified" polyesters may he incorporated in the linear 
or "branched amine adducts described above to form self-curing 
amine adduct esters. 

The non-acidic polyesters of the types described above 

25 are soluble in conventional organic solvents, and can be mixed 
readily with components (I) (l). 

Polyesters described as suitahle for aqueous systems disperse 
readily in water in the presence of neutralized amine adducts. 

Component (II) in general is a transesterification-promoting 

30 metal salt or complex that is soluble in liquid hydrocarbons, 
such as white spirit or xylene. A commercially available con- 
centrated solution in such a solvent can then easily he diluted. 
Suitahle salts meeting that requirement are in general 2-ethyl 
hexoates (octoates) and naphthenates . 
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For solvent-hased coating systems or for coating powders in 
general no further requirements are set. For use in aqueous systems, 
in particular for cathodic elect rodeposition, the metal Bait or 
complex should at the same time he insoluble or substantially 
insoluble in water, in order to avoid adverse effects of a high 
ion concentration, and of course should not he inactivated hy 
water. 

Very suitahle in view of their generally high activity are 
for example salts (octoates or naphthenates) of lead, zinc, 
calcium, "barium and iron 111 . A suitable example of a metal 
complex is titanium acetyl acetonate. Other suitahle salts, 
although in general less active than those mentioned ahove, 
are salts of tin 11 , manganese, cohalt and dihutyltin dilaurate. 
Further can he mentioned in general salts (octoates, naphthenates) 
of the alkali and earth alkali metals, of the lanthanides, and 
of zirconium, cadmium, chromium; acetyl acetonate complexes of 
lead, zinc, cadmium, cerium, thorium, copper; alkali aluminium 
alcoholates and titanium tetraisopropoxide ♦ 

Mixtures of salts and/or complexes can also he used. Some 
of the salts or complexes mentioned ahove are known as ester- 
ification and trans e st er if i cation catalysts for the preparation 
of alkyd resins, epoxy resin esters, and linear polyesters for 
fihres, in general for the preparation of fusible polyesters 
which are soluble in organic solvents. However, the temper- 
atures used there are generally far ahove 200 C, the reaction 
times at least some hours.*, and the amount of catalyst is 
us ually very low, helow 0.1# hy weight of the polyester. Hone 
of these uses indicated that these salts could he used as 
cross-linking accelerators in coatings, i.e. for the formation 
of insoluble, infusible polyester-like coatings, as in the 
present hinder compositions • 

In the present compositions the acceOarating salts. or com- 
plexes can he used in amounts c? 0.1-5, preferahly 1-3 percent 
by weight of component (I)- In view of the varying metal content 
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of available metal salts or complexes or solutions thereof the 
amount of catalyst is more conveniently indicated by the metal 
content in the compositions; metal contents of 0.3 to 1.0 per- 
cent "by weight are suitable in general, and metal contents of 
0.5-0.8 percent by weight are preferred. 

The weight ratio of the components (I) (l) and (i) (2) can 
vary between wide l imit s, in dependence of the reactivity of 
the components, the desired cure schedule, and the desired 
properties of the cured coating; the optimum ratio for a chosen 
mixture can he determined experimentally as usual; as a general 
guide line that weight ratio ean' he chosen from 90:10 to 
50:50, and more particularly from 80:20 to 60:^0. 

In general, the components (i) (1), (I) (2) and II can be 
mixed simultaneously or in any order that would he more con- 
venient. In some cases as outlined ahove it is more convenient 
to ma ke first a precondensate of components (l) (1) and (i) (2), 
and to mnv that precondensate with component (II). In the case 
of poly ( 2-fcydroxyalkyl ) polyacrylat es or methacrylates com- 
ponents (I) (1) and (I) (2) may he identical, in which case 
the 2-hydroxyalkyl group has a dual function: during the stoving, 
part of the free hydroxyl groups reads as acceptor for a. carboxyl 
group to form an ester hond, and a corresponding part of 2- 
hydroxyalkyl groups is eliminated thereby as a glycol. 

The components and/or the composition may he diluted with 
suitable volatile organic solvents, for example to regulate the 
viscosity or the solids content of the final paint or lacquer. 
Conventional paint additives may he incorporated, such as 
pigments, fillers, dispersants, .stabilizers and the like. 

The lacquers or paints based on organic solvents can be 
applied by conventional methods, such as by brush, roller, 
by spraying, dipping, and the like onto a variety of materials, 
preferably metals, such as bare steel, phosphated steel, zinc, 
tin plate (as a can lacquer), as the case may be as the sole 
coating layer or as a primer or top-coat . 
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The compositions may also be dispersed in water, and used as 
a thermosetting aqueous dispersion paint. 

The coatings can then he stoved, for example at temper- 
atures ranging from 150 to 200°C, preferably not above 180°C, 
5 during times varying from 10 to 30 minutes; the exact cure 
schedule will, of course, depend on reactivity and amount of 
components • 

Compositions wherein component (I) (1) is a linear or 
branched amin e adduct as hereinbefore described may be used for 
10 the preparation of water-soluble or water-dispersible coating 
compositions by neutralizing preferably from 20 to 100? of the 
amino functions with an acid, preferably with an organic 
carboxylic acid, such as formic acid, acetic acid, citric acid 
or preferably lactic acid. For the dissolution or dispersal in 
15 water no particularly low pH is required (as is often the case 
in known systems): a pH of 5.5 to 7.0 is usually sufficient. 
The new binder compositions give a good cure at 180°C and the 
baked coatings have good mechanical and chemical resistance. 

Binder compositions neutralized as described above may be 
20 used in 2-20? by weight aqueous solutions or dispersions in 

cathodic electrodeposition baths, in which the compositions may 
first be diluted with a water-soluble organic solvent such as 
a glycol ether, for example to simplify the neutralization or 
the dilution with water. The aqueous electrodeposition baths 
25 may also contain conventional additives, such as pigments, 

fillers, dispersants, stabilizers and the like. The deposition 
baths can be used for applying coatings to steel that has or 
has .not been phosphate d. 

The invention is illustrated* by examples. In the examples 
30 parts and percentages are by weight, unless otherwise stated 
or apparent from the context. Analytical data (amino, epoxy , 
hydroxyl) are based on solid matter. 

Polyethers D, E and G are commercial solid glycidyl poly- 
ethers of 2,2-bis(U-hydroxyphenyl)propane having an epoxy 



02/10/2000 1321:13 Sella -10- 



0012463 



16 

molar mass of 1*72, 893, and 3500, respectively, a hydroxyl content 
of 0.29, 0.33 and O.kO equivalents per 100 & respectively, and 
molecular weights (Ma) of about 900, aoout 1U00 and aoout 3750, 
respectively. 

Polyether OL is a polymeric glycidyl or glyceryl ether of 
2 , 2- ( U-hydroxyphenyl ) propane having a hydroxyl content of 0.35 
equivalents per 100 g, and a molecular weight (Sin) of more than 
30,000. 

Glycidyl ester C10E . is a commercial glycidyl ester of 
saturated aliphatic monocarboxylic acids, wherein the carboxyl 
group is attached to a tertiary or quaternary carbon atom and 
•which monocarboxylic acids have on average 10 carbon atoms per 
molecule; the glycidyl ester has an epoxy molar mass of 250. 

TMA. is trimellitic anhydride. 

GPC is gel permeation chromatography. 

"MEK rubs" is the number of rubs to "be given to the cured 
coating with a cloth vetted vith methyl ethyl ketone. 

Impact strength (IS) is the reverse impact strength, 
determined hy the British Standard Falling Ball Test , hut 
recorded in cm -kg. 50 or more MEK rubs 'and impact strength >90 
cm. leg are an indication for good cure. 

The Salt Spray Resistance (SSR) vas determined according 
to ASTM-B 117-6U and recorded as mm loss of adhesion from scratch 
after 10 days salt spray. 

Metal salt catalysts were octoates (2-ethyl hexoates), some 
in solution in hydrocarbon solvent^ as commercially available. 
The metal content of these octoates was : 

33?w 
10J&V 
62w 
5*w 

In the taoles only the amount of metal in the compositions 
is recorded, unless otherwise indicated. 



Pb 11 octoate Pb 

Zn octoate Zn 

Fe 111 octoate Fe 

Ba octoate Ba 
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The lactic acid used vas a 90#w product in water. 
Examples I to IX describe preparation of linear epoxy resin/ 
amin e adducts and use in water-borne paint for cathodic electro- 
deposition. Example X describes preparation of a branched epoxy 
5 resin/amine adduct and its use in a water-borne paint for 

cathodic electrodeposition. Examples XI and XII describe hydroxy 1- 
containing resins and p-hydroxjl ester polyesters, respectively. 
Examples XIII and following describe use of such resins and poly- 
esters in thermosetting coatings • 
10 EXAMPLE I 

Preparation of linear amine adducts. 

(a) To a solution of polyether D (3T7-6; 0.8 epoxy equivalent) 
in ethylene glycol monobutyl ether (189 g) are added diethanol 
amine (1*2.0 g, O.U mol.) and 3-(K,N-dimethyl amino)propyl amine 

15 (20. k g, 0.2 mol.). The mixture is kept at 70-80°C until the 
epoxy content is zero. The product was a clear solution, 10% 
solids, H content 1.82 meq./g, OH content 0.6h eq./100 g. 

(b) To a solution of polyether D (283-2 g; 0.6 epoxy equivalent) 
in ethylene glycol monobutyl ether (161 g) were added di- 

20 ethanol amine (21.0 g; 0.2 mol.), 3-(N,H-dimethyl amino)propyl 
amin e (10.2 g; 0.1 mol.) and an adduct of 1,6-diamino hexane 
and glycidyl ester C10E (61.6 g; 0.1 mol. of adduct). This 
adduct had been prepared by reacting 1,6-diamino hexane (116 g; 
1 mol.) with glycidyl ester C10E (500 g; 2 mol.) at 80°C for 
25 3 hours . The mixture ■ of the polyether and the amines was reacted 
by heating first at 85-90°C for U hours with stirring, and then 
at 120°C for 1 hour. The epoxy content was then zero. K content: 
1.60 meq./g, OH content 0.56 eq../100 g. 
EXAMPLE II 
30 Non-acidic polyesters. 

(a) Trimellitic anhydride (192 g; 1 mol.) was dissolved in 
ethylene glycol monobutyl ether (U86 g) at 100°C. Subsequently, 
glycidyl ester C10E (550 g; 2.2 mol.) and benzyl dimethyl amine 
(1.8 g; esterification catalyst) were added. The mixture was kept 
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at 120°C until the acid content vas < 0.02 meq./g. The clear^ 
solution had a solids content of 10%. 

(b) A mixture of trimellitic anhydride (192 g; 1 mol.) and 
glycidyl ester C10E (260 g; 1-0U mol.) was heated to 90°C. 
An exothermal reaction sets in and the mixture is cooled for 
a short time to prevent the temperature from rising above 
120°C. After that, heating at 120°C is continued for a further 
half hour, benzyl dimethyl amine (2.2 g) is added and the temper- 
ature is raised to 1U0°C. A further amount of glycidyl ester 
C10E (260 g; I.OU mol.) is added and the viscous mass is kept 
at lkO°C for a further 2 hours. Acid content 0.013 meq./g, 
molecular weight approximately 3000 (determined hy means of GPC). 
The product was diluted with di ethylene glycol diethyl ether 
(178 g). Solids 80?. 

(c) Part of the product prepared according to Example II (b) 
(r.78 g, equivalent to 0.2 TMA(C10E) 2 units) was kept at 1U0°C 
for h hours with diethylene triamine (10.3 g; 0.1 mol.). A 
diamide monoamine polyester is formed with 0.83 amino meq./g. 
Solids: 81.12. 

(d) Trimellitic acid (210 g; 1.0 mol.) was mixed with tetra- 
hydrofuran (16U.5 g) . Propylene oxide (3^8 g; 6 mol.) and 
"benzyl dime thyl amine (1.9 g) were added and the mixture was 
kept in a closed vessel at hO°C for one week, with stirring. 
The acid value was then zero. Solvent and excess propylene 
oxide were evaporated in vacup. The product is tri(2-hydroxy- 
propyl)ester of trimellitic acid. 

(e) Succinic anhydride (100 g; 1 mol.) and glycidyl ester C10E . 
(270 g; 1.08 mol.) were heated to 120°C with "benzyl dimethyl 
amin e (0.8 g). An exothermal reaction sets in; the temperature 
was subsequently maintained at 1U0°C until the acid value 

was zero. 

(f) A slight modification of (b). Trimellitic anhydride (192 g; 
1 mol.) and glycidyl ester C10E (500 g; 2 mol.) were mixed 

and heated with stirring to 100°C. An exothermic reaction sets in 
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and the temperature vas allowed to rise to 190°C. The mixture 
vas cooled to 1U0°C, "benzyl dimethylsmine (2 g) vas added as 
catalyst, and heating at 1U0°C vas continued for 3 hours. 
The viscous clear product had an acid content of 0.053 merq./g 
and a molecular veight (GPC) of about 3000. 
EXAMPLE HI 

Preparation of tinder compositions and evaluation as electro- 
deposition paints. 
General -procedure 

50 g of epoxy resin/amine adducts as indicated in Table J, 
column EA, were mixed with the amounts of cross-linking agent 
indicated in column BB; sufficient ethylene glycol monohutyl 
ether vas added to hring the solids content to TO*. Catalysts 
and other components (if any) vere then added as veil as lactic 
acid for neutralization of from 20 to 100? of the amino groups. 
Demineralized vater vas added slovly to hring the solids content 
to 105?. The pH vas determined, and coatings vere applied "by 
cathodic electrodeposition (DC 100-200 volts) ,to degreased 
steel panels vhich vere then hahed at l80°C for half an hour. 
The data and results are listed in Tahle I. 



-20- 
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EXAMPLE IV 

Self-cross-linking or self-curing "binder. 

Folyether D (188.8 g; O.U epoxy equivalents) vas dissolved 
in a mixture of ethylene glycol monobutyl ether (90 g) and 
methyl isobutyl ketone (36 g). Diethanol amine (10.5 g; 0.1 mol.) 
and amine-modified polyester according to Example 11(c) (188.3 g) 
and diketimine prepared from 1 mol. of diethylene triamine and 
2 mol. of methyl isobutyl ketone (26.7 g * 0.1 mol. of diketimine) 
vere added thereto. The mixture vas heated at 100°C for 3 hours; 
the nitrogen content vas then 1.U1 meq../g/the remaining epoxy 
content 0.03 meq./g and the OH content not originating from the 
amine-modified polyester 0.2U -ea./lOO g. Solids: 70?Sv. 

This product (100 g) vas mixed vith lead (II) 2-ethyl hexoate 
(1.U g; Fb content 33?; Fb content of mixture 0.67?v on solids) 
sad lactic acid (3 g). 3y slov addition of demineralized vater 
(597 g) a milky-blue dispersion vas obtained having a pH of 6.1 
and a solids content of 10?. Smooth coatings (thickness 15-17 
micrometres) were obtained by cathodic electrodeposition (DC 200 
Volts) of degreased steel panels. After baking at 180°C (30 
minutes) the coatings had the following properties: 
Number of MEK rubs: > 50 
Impact strength: > 90 cm.kg 

Salt spray resistance (10 days): < 2 mm loss of adhesion from 
the scratch. 
EXAMPLE V 

(a) Tetrafunctional polyester, preparation. 

1,6-Hexane diol (118 g; 1 mol.) and glycidyl ester C10E 
(500 g; 2 mol.) vere mixed and heated to 120°C. Trimellitic 
anhydride (38U g; 2.0 mol. ) vas added and the exothermal 
reaction vas controlled by cooling (temperature 120-130°C). 
After half an hour a farther amount of glycidyl ester C10E 
- ( 5T5 g. 2.3 mol.) vas added and the mixture kept at 120 C 
for a further 5 hours . At room temperature the product vas a 



02/10/2000 13:21:13 SeBe -22- 



0012463 



22 

solid, sticky substance; the remaining epoxy content vas 0.0U 
meq../g ana the acid value < 0.02 meq../g. 
(b) Binder composition, evaluation* 

In accordance vith the general directions of Example III ' 
hinder compositions vere prepared from epoxy resin/amine adduct 
of Example 1(h) and polyester of Example V(a) in a veight ratio 
of 2.5 : 1. By means of ethylene glycol monohutyl ether the 
solids content vas brought to 10%. Per 100 g of solids, 0.6 g 
on metal of the following catalysts were added to samples of 
the solution: Zn octoate, Fe 111 octoate, Fb 11 octoate. After 
neutralization with lactic acid and dilution with demineralized 
water the 10? solutions all had a pH of 6.2-6.3. After cathodic 
electrodeposition on degreased steel panels as in Example IV the 
coating thickness was 15-20 micrometres; after baking (at 180 C 
for 30 minutes) the properties vere: 
Humber of ' MEK rubs:> 50 
Impact strengths 90 cm.kg 

Salt spray resistance (10 days): 1.2 mm loss of adhesion from 
the scratch. 

A sample to which no catalyst had been added stood only 
20-30 MEK rubs, had an impact strength < 5 cm.kg and in the salt 
spray test 5-7 mm loss of adhesion from the scratch. Using 
titanium acetyl acetonate (0.9 g) per 100 g of binder, the 
results vere virt ually identical to those obtained vith the 
above metal salts. 
EXAMPLE VI 

Evidence of trans esterificat ion. 

A binder composition as in Example V (b), cont ain ing Fb 
naphthenate was electrodeposited cathodically onto aluminium 
panels, and the coated panels were dried in vacuum at U5 C 
until constant veight (20 hours). 10 Panels (coating veight 
5.88 g) vere then fitoved in a closed glass container at 180 C 
during 30 minutes. Volatile material condensed on the glass walls 
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after cooling vas quantitatively recovered vith hexane, and the 
hexane vas evaporated; residue 1.30 g (22. \% of coating weight). 

The IR- spectrum shoved that the residue vas the mono- 
glyceride of the branched monocarboxylic acids (the mono- 
glyceride for comparison vas prepared from the branched acids 
and glycidol) of about 90? purity; there vere no peaks at vave 
numbers 1610 and 1505 cm" 1 , shoving that aromatic compounds vere 
absent. The nitrogen content of the volatiles vas very lov 
(0.1 meq./g), shoving that only a negligible amount of It-com- 
pounds had volatilized. 

TTCAMFLE VII 

Self-cross-linking binder. 

The epoxy resin is reacted first vith the cross-linker, 
followed by reaction vith amines . 

Polyether D (U72 g; 1.0 epoxy equivalents), the polyester 
of Example II (b) (hhk g, 355 g solids), benzyl dimethylamine 
(2 g) and methyl isobutyl ketone (118 g) vere heated to 1U0°C. 
The initi al ly cloudy blend became clear after I hour, and vas 
cooled to room temperature after a reaction time of tvo hours. 
It had an epoxy content of 1.15 meq./g solids. 

This product (108.7 g; 87 g solids) vas thinned vith ethyl- 
ene glycol monobutyl ether (21.7 g) and blended vith diethanol- 
amine (7.9 g; 0.075 aol.) and the diketimine described in 
Example IV (6.7 g* 0.025 mol.). 

The mixture vas reacted for 5 hours at 70°C vhen the epoxy 
content vas nil and the amine content vas 1.35 meq../g. The 
product had a solids content of 70#v. 

Part of this product (71 .h g; 50 g solids) vas blended 
vith lactic acid (3.0 g) and lead octoate (1.0 g). Demoralized 
vater (U2U.5 g) vas added gradually to bring the solids content 
to lOjfv. A hazy solution vas obtained vhich had a pH of 7-0. 

Prom this solution coatings vere elect rodeposited 
cathodically at 150 V onto degreased steel panels. After baking 
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at 180°C for 30 minutes glossy, hard films were obtained vith 

the following properties: 

Thickness: 15 micrometres 

MEK rubs: > 100 

Impact strength: > 90 cm.kg 

Salt spray resistance: < 5 una underrust. after 10 days. 
EXAMPLE VIII 

Pigmented electrodeposition paint. 

The epoxy resin/ amine adduct of Example I (b) (109 g» 76.3 g 
solids), the polyester of Example II (b) (35-5 g> 28. h g solids), 
ethylene glycol monobutyl ether (5-1 g)» lead octoate (2.1 g) 
and lactic acid (6.0 g) were blended. Demineralized water (Vf3 g) 
was added grad ually to form a hinder solution of 1 6.6? solids. 

To prepare a pigment dispersion, part of this h i nder 
solution (200 g) was hall-milled for one day with titanium 
dioxide pigment (33.5 g)» carbon black (2.0 g) and clay ASP-100 
(2.0 gK The resulting pigment dispersion was diluted with more 
of the above binder solution (kOO g) and further thinned with 
demineralized water (612.5 g). The resulting pigmented paint 
solution had the following characteristics: 
Solids: 11?w 

Pigment /binder weight ratio: 0.376 
pH: 5.9 

Specific resistance: 635 8. cm. 

At 150-200 V coatings were electrodeposited cathodically 
from this paint, using solvent-degreased steel panels as the 
cathodes. On baking at 180° for 30 minutes hard, glossy coat- 
ings with the following properties were obtained: 
Thickness: 15-18 um 
MEK rubs: > 100 
Impact strength: > 90 xan.kg 

Salt spray resistance (10 days): < 2 mm underrust. 
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EXAMPLE IX 

Pigmented electrodeposition paint. 

The resin solution of Example I (b) (163.7 g* H 1 *- 6 S solids) 
was "blended vith the cross-linking polyester of Example II (f ) 
5 (U2.6 g) vhich had been dissolved in ethylene glycol monobutyl 
ether (18.3 g). Fb octoate (3.1 g) and lactic acid (8.2 g) vere 
added. To this blend demineralized water (393 g) vas added 
slovly vith stirring. The resulting milky solution had a solids 
content of 23%. Part of this solution (200 g), micromized red 
10 iron oxide (35.5 g) and clay ASP-100 (2.0 g) were dispersed in 
a sand mill for 90 minutes to ohtain a Hegman fineness of 10-20. 
This pigment paste vas thinned vith more of. the ahove-mentioned 
aqueous solution (U00 g) and finally thinned with demineralized 
water (612.5 g) to a solids content of 15?v. 
15 The resulting paint had a pH of 6.1 and a specific con- 

ductivity of 1750 uS/cm. This paint was cathodically electro- 
deposited onto solvent-degreased steel panels at a temperature 
of 29°C and a voltage of 175 V (direct current). The coatings 
vere rinsed vith vater and stoved at the conditions specified 
20 belov. Very smooth, semi-glossy coatings vith a thickness 

betveen 18 and 20 micrometres vere obtained. The Table shows 
that dovn to stoving temperatures of 1U0°C adequate cross-linking 
and excellent salt-spray resistance vere observed. 

Stoving MEK Impact strength Salt spray 

conditions rubs (cm. kg) resistance 

0 CAiri mites " 

180/30 > 50 > 90 < 2 

170/30 > 50 > 90 < 2 

160/30 > 50 67-90 < 2 

1U0/30 * 50 < 11 2 ~ 3 

EXAMPLE X 

25 ' Preparation and evaluation of a branched epoxy resin/amine 
adduct as cathodic electrodeposition paint. 

A solution of Polyether D (U75 g; 1.0 epoxy-eq.uivalents)* in 
ethylene glycol monobutyl ether (252 g) vas reacted vith di- 
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ethanolamine (31.5 g; 0.3 mol.) at T0°C for one hour. Then, a 
mixture of 3- (35 ,K-dimethylamino )propyl amine (20. h g; 0.2 mol,.) 
and an adduct of diethylene triamine vith glycidyl ester C10E 
(60.3 g; 0.1 mol.) were added. The latter adduct had "been 
prepared by reacting diethyl triamine (103 g; 1 mol.) vith 
glyciayl ester C10E (500 g; 2 moles) at 80°C for twhours. The 
reaction vith the Polyether D vas continued for one hour at 90 C 
followed by one hour at. 110°C. The epoxy content vas then zero 
and the amino nitrogen content 1.70 meq./g solids. The solids 
content was 70?w. The product had a calculated hydroxyl content 
of 0.515 eq./100 g solids. 

Part of the resin solution (100 g; 70 g solids) was blended 
vith the cross-linking polyester of Example II (f) (16.7 g) vhich 
had been dissolved in ethylene glycol monobutyl ether (7.2 g). 
Lead octoate (1.7 g) and lactic acid (5-9 g) vere added. This 
mixture vas thinned vith demineralized vater (765-5 g) to a 
solids content of 10^ The pH of the resulting milky dispersion 
vas 6.U. The system vas cathodically electrodeppsited onto solvent . 
degreased steel panels at voltages between 250 and 350 V. The 
resulting coatings vere baked at 180°C for 30 minutes. 

The resulting coatings had a thickness of 15-17 micrometres 
and shoved an adequate degree of cross-linking (> 50 MEK rubs, 
impact strength > 90 cm.kg) as veil as excellent salt spray re- 
sistance (< 2 mm loss of adhesion from scratch after 20 days in 
the salt spray resistance test). 
EXAMPLE XI 

Hydroxyl-containing resins. 

(a) Adduct of Polyether E and dimethylol propionic acid. 

Polyether E (893 g; 1 epoxy equivalent), dimethylol propionic 
acid (13U g; 1 mol-) and benzyl dimethyl amine (2.5 g) vere heated 
vith stirring at 1U0°C during k hours; the acid content vas 
then 0.053 meq./g. The calculated hydroxyl content of fee brittle 
solid product vas 0.59 eq../100 g. 
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(b) Adduct of Polyether E and diethanolamine. 

Polyether E (1786 g, 2 epoxy equivalents) vas melted and 
reacted with diethanolamine (210 g, 2 moles) at 135°C for 5 hours. 
The product, a brittle resin at room temperature, bad a cal- 
5 culated hydroxyl content of about 0.6 eq./100 g and a residual 
epoxy content "below 0.02 meq/g. 

(c) Hydroxyl-containing alkyd resin DX-32. 

This resin vas prepared by reacting isopnthalic acid (166 g; 
1.0 mol.), trimethylol propane (80. k g; 0.6 mol.) and glycidyl 

10 ester C10E (150 g; 0.6 epoxy equivalents) in the presence of 
xylene (5frr) at a temperature rising from 190°C to 2kO°C vith 
azeotropic removal of the vater fomed. The mixture vas kept at 
2U0°C until the acid content vas 0.12 meq./g. The calculated 
hydroxyl content vas 0.25-0.27 eq./100 g solids. The resin vas 

15 diluted vith methyl isobutyl ketone/xylene 1 : 1 to give a 
solution having solids content 69. Wv. 

(d) Polycaprolactone triol PCP-0310. 

A commercial material vas used vhich had molecular veight 
900, hydroxyl content 0.333 eq./100 g and acid content 

20 0.005 meq./g. 

(e) Resinous polyol EJ-100. 

A commercial copolymer of styrene and allyl alcohol having 
a molecular veight about 1150 and hydroxyl content 0.U5 eq../ 
100 g. 

25 (f ) Alkyd resin D 800. 

A commercial alkyd resin based on phthalic acid, adipic 
acid and an aliphatic triol; molecular veight around 1150, 
hydroxyl content 0.52 eq../ 100 g, and acid content belov 
0.07 meq./g. 
30 (g) Polyether 0L. 

This resin vas used as a commercial Uo£v solution in methyl 

ethyl ketone. 
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EXAMPLE XII 

Polyester cross—linking compounds - 
( a) Bis- ( 2-hydroxy butyl )azelat e . 

Azelaic acid (37.6 8> 0.2 mol.), 1 ,2-epoxybutane (57-6 g, 
5 0,8 mol.) and "benzyl dimethyl amine (0.3 g)vere heated under 
reflux for 20 hours. The excess 1 ,2-epoxy "butane vas stripped 
off in vacuo. The product , a viscous oil, had a resid u al acid 
content of 0.09 meq../g; the epoxy content was zero. 2-Eydroxy- 
butyl groups per molecule: 2. 

10 (b) Bis-(2-bydroxyethyl)terephthalate. 

Terephthalic acid (166 g; 1.0 mol.), ethylene glycol (500 g; 
8 moles) and dibutyl tin oxide (1.5 g) were heated to 190°C. 
Water and some ethylene glycol vere distilled slowly from the 
mixture until after 3 hours the acid content had decreased to 

15 0.0U meq../g. The product vas cooled to about 80°C and poured 
into 2 litres of ice-cold water. The water-insoluble part was 
further purified by recrystallization from hot chloroform. The 
product crystallized in colourless leaflets having a melting 
point of 110-111°C (Lit. m.p. 111°C). 2-^ydroxyethyl groups per 

20 molecule: 2. 

(c) Trifunctional cross-linker from trimethylol propane, 
succinic anhydride and 1 ,2-» epoxy butane. 

Trimethylol propane (13. h g, 0.1 mol.), succinic anhydride 
(30 g, 0.3 mol.) and benzyl dimethylamine (0.1 g) were heated 

25 with stirrin g to 100°C. An exothermic reaction set in, the 

temperature was allowed to rise to 150°C, and the mixture was 
further heated at 1U0°C for 30 minutes; this intermediate half- 
ester was a viscous mass having an acid content of 7.meq../g. 
After cooling to 70°C, 1 ,2-epoxybutane (86 g, 1.2 mol.) and 

30 benzyl dim ethyl amine (0.2 g) were added. The mixture was kept 
under reflux for 2k hours and excess 1 ,2-epoxybutane was 
stripped off in vacuo. The product was a viscous mass; acid and 
epoxy contents were zero . 2-%drox3butyl groups per- molecule : 3. 
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(d) Trifunctional cross-linking polyester from trimellitic 
anhydride, propylene glycol, 1 ,2-epoxybutane and glyeidyl 
ester C10E. 

Trimellitic anhydride (38. U g, 0.2 mol.), 1 ,2-propylene 
glycol 05-2 g, 0.2 mol.), benzyl dimethyl amine (0.3 g) and 
methyl isobutyl ketone (13.1 g) vere stirred under reflux at 
about 120°C for 30 minutes. The intermediate vas cooled to 
100°C and a mixture of 1 ,2-epoxybutane (1U.U g; 0.2 mol.) and glyeidyl 
ester C10E (25-0 g, 0.1 epoxy equivalent) vas added dropwise 
over a period of 10 minutes. The temperature vas then raised 
to 1U0°C and kept there for 3 hours. Then more glyeidyl ester 
C10E (U0 g, 0.16 epoxy equivalents) vas added and heating vas 
continued for 5 hours at .1U0°C. The viscous product had a residual 
acid content of O.Ohk meq./g, an epoxy content of practically nil 
; and a solids content of 91%. 2-Hydroxyl ester groups per molecule: 3. 
(e) Trifunctional cross-Unking polyester from trimellitic 
acid and glyeidyl ester C10E. 

Trimellitic acid (210 g, 1 mol.), glyeidyl ester C10E 
(250 g, 1 epoxy equivalent) and benzyl dimethyl amine (2.U g) 
20 are heated to 100°C; an exothermal reaction set in, and the 
temperature vas kept belov 155°C by slight cooling. After 15 
minutes more glyeidyl ester C10E (500 g, 2 epoxy equivalents) 
vas added and the temperature vas held betveen 1U5 and 150°C 
for h hours. The acid content vas then 0.07 meq../g. A bit more 
25 glyeidyl ester C10E (8.U g; 0.036 epoxy equivalents) vas added 
and the reacimn continued for 2 hours at 1U5°C. The acid value 
vas then zero and the resilual epoxy content 0.05 meq./g. 

For comparative purposes the following alkyl esters vere 

used: 

30 (g) Diethyl terephthalate . 

Commercial sample, m.p. 38-39 C. 
' (h) Dibutyl ester of azelaic acid. 
Commercial sample, liquid. 
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(i) Tri-n-butyi trimellitate . 

Prepared by esterification of trimellitic anhydride with 
excess n-butanol (catalyst: p-toluene sulphonic acid). The crude 
product was dissolved in pentane, the solution vashed successively 
vith 555w aqueous KOH and water, and dried vith magnesium sulphate; 
the pentane was evaporated in vacuo. The product was tree from 
hydroxy! and carboxyl groups. 
EXAMPLE XCTI 

The hydroxyl-containing resin of Examp le XI (b) (100 g) was 
dissolved in a solvent blend (100 g) containing equal volumes of 
methyl isobutyl ketone, xylene and n-butanol as well as a fluoro- 
carbon surfactant, FC-U30 (O.U% on solvents). Clear lacquers were 
prepared by "blending 1 0-g-portions of the resulting resin solution 
with diff erent cross-linking polyesters and catalysts as specified 
in Table II. The lacquers were then applied onto Zn-phosphated 
steel panels (0.7 mm thick) to obtain a dry film tnickness of 30- 
35 ym. All coatings were stoved as specified in Table II and 
the degree of cross-linking achieved was evaluated for: 

condition of hot coating (Hot) directly after stoving 
(liquid = 1, or gelled * g) . 

- MEK rubs, and 

- impact resistance. 

Conclusions from these data for the degree of cross-linking 

are: 

++ very good 

+ good 

+ moderate 

- poor 

=. - no cross-linking. 

From Table II it can be concluded that the use of cross-linking 
polyesters containing two or more 2-hydroxyl ester groups per mole- 
cule results in well-cross-linked coatings when stoved in the 
presence of, different metal salt catalysts at 180°C .for 30 minutes. 
Some coatings (Hos. 3, U, 6, 7, 11 and 13) were even well-cured at 
1U0-150°C. Comparable polyesters without 2-hydroxyl ester functions 
(Nos. 17-19) failed to cross-link this polyhydroxylic resin. 



02/10/2000 13:21:13 Sette -31- 



0012463 



31 





TAKT.TH XT 


: Coatings as 


described in I 


Example 


XIII 


























Ex- 


Cross-linker 


Catalyst 


Stoving 
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at °C 
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1 


XII (a) 




prVj 


0.68 


180 


g 


>50 


>90 


++ 




2 


XII (*b) 




TTK 


0.67 


180 


g 


>50 


>90 


++ 




3 


XII vtw 




Fb 


0.67 


150 


g 


>50 


10-20 


+ 




1* 


XII ("b) 


1 ^£ 


P"h 


0.67 


1U0 


g 


^50 


<10 


+ 




5 


XII (c) 


3.U 


Fb 


0.67 


180 


g 


>50 


•>90 


++ 




6 


XII (c) 


3.U 


Fb 


0.67 


150 


g 


>50 


>90 


++ 




7 


XII (c) 




Fb 


0.67 


1U0 


g 


>50 


22 


+ 




8 


XII (c) 


3-U 


Zn 


0.67 


180 


g 


>50 


>90 


++ 




9 


XII (c) 


3.U 


Zn 


0.67 


150 


g 


25 


<10 






10 


XII (c) 


3.U 


Fe 


0.67 


180 


g 


>50 


>90 


++ 




11 


XII (c) 




Fe 


0.67 


150 


g 


>50 


>90 


++ 




12 


XII (c) 




Ba 


0.67 


180 


g 


>50 


>90 


++ 




13 


xn (c) 


3-U 


Ba 


0.67 


-150 


g 


>50 


>90 


++ 




1U 


XII (c) 


3.U 




Dne 


180 


1 


< 5 


< 5 


s 




15 


xii (a) 


3-U 


Fb 


0.69 


180 


g 


>50 


>90 


++ 




16 


II (f) 


3.7 


Fb 


0.68 


180 


g 


>50 


i >9o 


++ 








Comparative experiments 












17 


XII (g) 


1.16 


Fb 


0.69 


180 


1 


<10 


< 5 


s 




18 


XII (g) 


1.16 


Fb 


0.69 


150 


1 


<10 


< 5 






19 

i 


XII (h) 


3.7 


Fb 


0.69 


180 


1 


<10 


< 5 


c 





AMPLE XIV 

A c xear lacquer vas prepared from the diluted hydroxyl- con- 
taining resin of Example XI (a) (10 g; 5 g solids), polyester of 
Example XII (c) (3.^ g)» vitn Fb octoate (Fb on solids 0.6T*v). 
The lacquer was applied as a 30-35 pm thick coating" on steel 
panels and stoved at 180°C during 30 minutes. MEK rubs > 50, 
impact strength > 90 cm.fcg. Conclusion: cross-linking very good. 
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When the polyester of Example XII (c) was replaced "by diethyl 
terephthalate there was no cross-linking at all after the same 
cure schedule (hot coating liquid, MEK rubs < 5, impact strength 
< 5). 

EXAMPLE XV 

A clear lacquer was prepared from the hydroxyl-containing 
resin of Example XI (e) (6.0 g solids, diluted with U.O g of 
the solvent mixture described in Example XHI), polyester of 
Example XII (c) (6.8 g) and Fb octoate (Pb on solids 0.6t2wK 
30-35 pm thick coatings were applied on steel panels and stoved 
at 180°C during 30 minutes, MEK rubs > 50, impact strength 
67 cm. kg. Conclusion: cross-linking very good. 

When the polyester was replaced "by diethyl terephthalate 
(2.3 g) or dibutyl ester of azelaic acid (3.5 g) there was no 
cross-linking at all after the same stoving schedule (hot coating 
liquid, MEK rubs < 5» impact strength < 5). 
EXAMPLE XVI 

The hydroxyl-containing resin of Example XI (f ) (TO g) was 
dissolved in the solvent mixture of Example XIII (30 g). Clear 
lacquers were prepared by Tidying 10 g portions of this solution 
with Pb octoate (0.65?w Fb on composition solids) and with the 
polyesters of Example XJI (a) (*w05 g), XII (b) (3.10 g) and 
XXI (c) (5.10 g), respectively. 30-35 urn thick coatings were 
applied on steel panels and stoved at l8p°C during 30 minutes. 
The hot coatings were gelled, MEK rubs were > 50, and the impact 
strength was > 90 cm. kg. The conclusion is: very good cross- 
linking in each of the three cases. 

When the above 2-hydroxyl ester polyesters were replaced 
by diethyl terephthalate (2.7 g) there was no croBs-linking at 
*m after the same cure schedule. 
EXAMPLE XVII 

The hydroxyl-containing resin of Example I (b) was diluted 
with the solvent blend of Example XIII in a weight ratio TO/UO. 
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11 g of this solution were combined vith cross-linking poly- 
esters as indicated in Table III and vith Pb octoate (0.67?v 
Pb on solids); the lacquers vere applied on steel panels to 
give a 30-35 ym thick coating, and stoved for 30 minutes at 
temperatures as indicated in Table IH,vhere also the results 
and conclusions are given. 

TABLE III - Coatings as described in Example XVII 



Ex- 


r!-rr,o«_1 -inker 


Stoving 
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S 


>50 


>90 


++ 
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XII (b) 


0.92 
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g 


>50 


>90 


++ 


3 


XII (b) 


0.92 


150 


g 


*v50 


<10 


+ 
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XII (dj 


2.16 


180 


S 


>50 


>90 


++ 


5 


V (a) 


2.75 


180 


g 


>50 


>90 


++ 
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II (f) 


2.70 


180 


g 


• >50 


>90 


++ 


7 


n (f) 


2.70 


1.60 


g 


>50 


>90 


++ 


8 


II (f ) 


2.70 


1U0 


g 


~50 


<10 


+ 


9 


XII (e) 


3.50 


180 


g 


>50 


>90 


++ 



Comparative experiments 



10 
11 



XII (k) 
XII (i) 



2.10 
1.U2 



180 
180 



<10 
<10 



< 5 

< 5 



10 



EXAMPLE XVIII 

Resin of Example XI (c) (10 g, solids content 6.9U g) was 
mixed with polyester of Example XII (c) (5-9 g) and Pb octoate 
(Pb: 0.6655w on solids) and solvent (1.5 g). The clear lacquer 
was applied on steel panels (coating 30-35 V* thick) and stoved 
at 180°C during 30 minutes. The hot coating was gelled; 
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nibs > 50, impact strength >90 cm. kg, and the conclusion is: 
good cross-linking. 

In the same manner a lacquer vas prepared from the resin 
of Example XL (d) (9 g) » the polyester of Example XII (b) (5.2. g), 
5 Fb octoate (0.67?w Fb on solids) and solvent (3.0 g) , and 

evaluated as described above. The conclusion from hot coating- 
(gelled), MEK rubs (> 50), and impact strength (> 90 cm. kg) was: 
very good cross-linking. 
EXAMPLE XIX 

10 Clear lacquer was prepared from the resin of Example XI (g) 

(10 g, U.O g solids), the polyesters of Example XII (a) and 
XII (b) (1.0 g), Zn octoate (1.0#w Zn on solids) and solvent 
(1.0 g). When applied on steel panels (coatings 30-35 um) and 
stoved at schedules of l80°C/30 minutes or 200°C/10 minutes 
15 both formulations showed a very good cross-linking (hot coating 
gelled; MEK rubs > 50; impact strength > 90 cm. kg) - 

The resin of Example XI (g) is a well-known material for 
• internal can lining because of its inherent flexibility, and a 
cure schedule 200°C/10 minutes is typical for can lacquers. This 
20 Example demonstrates the suitability of the present compositions 
for can lacquers. 

When the polyester was replaced by diethyl terephthalate 
(1.0 g) there was no cure at all, not even at 200°C/15 minutes. 
EXAMPLE XX 
25 A white coating powder. 

The resin of Example 1(b) (1000 g) was coarsely ground to a 
particle size of about 2 mm, dry blended with the cross-linking 
polyester of Example II (b) (270 g), titanium dioxide. (635 g), 
Fb octoate (25 g), and a commercial acrylate-type flow control 
30 agent (6.3 g) ♦ This blend was homogenized by extrusion in an 
extruder at the following conditions: 
barrel temperature : 110°C 
screw temperature : 50°C 
extrudate temperature : 115-120°C 
35 screw speed **0 rpm 
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The extrudate was cooled to room temperature, ground, and 
sieved to a particle size of less than 75 urn. The powder was 
applied hy electrostatic spraying to degreased cold-roHed steel 
panels (dry film thickness 55-60 urn) . The panels were staved at 
1oO°C or at 160°C for 30 minutes. At hoth temperatures well- 
flowed glossy coatings were obtained with the following properties: 
_ Hardness (Konig) 210-215 seconds 

- Adhesion (Gitterschnitt ) Gt 0 

- Impact strength > 90 cm. kg 
_ xylene immersion (15 min./22°C) unaffected 

EXAMPLE XXI 

Composition containing a precondensate of components (i) O) 
and (I) (2). 

A mixture of Polyether D (566 g, 1,2-epoxy equivalents), di- 
> isopropanolamine (79-8 g. 0.6 mol.) and isopropanol amine (22.5 g, 
0.3 mol.) was melted and reacted at lUo°C for 3 hours; the epoxy 
content was then zero and the hydroxyl content 0.67 eg../ 100 g. 
A blend of trimellitic anhydride (57-6 g, 0.3 mol.), acetone 
(100 g) and glycidyl ester C10E (187.5 g, 0.75 epoxy equivalents) 
0 was added gradually in about J hour while maintaining the re- 
action temperature at 130-1fcO°C and distilling off the acetone. 
The mass was then kept at 135°C for 2 more hours and cooled to 
room temperature. The resulting precondensate (a "brittle solid) 
had a residual acid content of 0.02 meq../g« 
25 A portion of this precondensate (10 g) was dissolved in the 

solvent blend of Example XIII (10 g). Fb octoate (0.2 g) was 
added and the clear lacquer was applied onto phosphatized steel 
panels. After stoving at l80°C for 30 minutes a 35 m thick 
glossy hard coating was obtained which was resistant to methyl 
30 ethyl ketone and had an Impact Strength of 90 cm.kg. 
EXAMPLE XXII 

&lf- cross-linking acrylic-type resin containing 2-hydroxyl 
ester groups. 
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Preparation of resin by mass copolymerization. 

A 1 -litre round "bottom flask equipped vith stirrer and 
reflux condenser vas charged vith the vinyl ester of branched 
monocarboxylic acids (250 g), and heated to 170°C. A mixture - 
5 of the follow ing ingredients vas pumped into this reactor at 
a uniform rate over a period of four hours: 
styrene (250 g) 

n-butyl methacrylate (190 g) 

2-hyoroxy ethyl aery late (310 g) 
10 Di-t-butyl peroxide (20 g) 

The temperature vas kept at 165-170°C throughout the addition 
period. Thereafter, the clear, viscous mass vas stirred for an- 
other hour at 1T0°C and then discharged. The clear brittle co- 
polymer had molecular weight 508o(Mn, GEC method} and contained 
15 0.U?v of residual styrene and < 0.3?v of residual vinyl ester. 
Its hydrpxyl content vas 0.23eq.-/100 g. 
Cross-linking of the resin. 

The above resin (10 g) and Fb octoate (0.2 g) vere dissolved, 
in the solvent blend of Example XIII (15 g). clear lacquer 

20 vas applied onto a phosphatized steel panel. After stoving at 
180°C for 30 minutes a 30 urn thick glossy hard coating vas ob- 
tained vhich vas resistant to methyl ethyl ketone (> 50 MEK 
rubs) and had an impact strength of 11 cm. kg. 

When the Pb octoate vas omitted the coating after stoving 
25 had very poor solvent resistance (dissolved vhen rubbed vith 
a MEK-wetted cloth). 
EXAMPLE XXIII 
Cure of an epoxy resin. 

(1) Component I (1 ) : Polyether G in a 30?v solution 

30 in a mixture of methyl isobutyl ket one/but anol (1:1 veight 
ratio) . 

(2) The cross-linking polyester, a soluble, lov-mol.vt poly- 
propylene glycol terephthalate, vas prepared as follows: 
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A mixture of terephthalic acid (166 g, 1 mol.), propylene 
glycol (608 g, 8 mol.) ana dibutyl tin oxide (2 g) was heated 
at 190°C while a mixture of vater and propylene glycol was 
distilled off (distillate about 300 g) until the acid content 
vas < 0.03 meq../g- Tha* tools 2 * hours ' ^ residue contained 
polyester and propylene glycol in a 1:1 weight ratio. This 
residue was used for the coating experiments; the propylene 
glycol is then solvent component. 

Components (1) and (2) were mixed in a 1»:1 solid matter 
weight ratio, and Zn octoate (0.65*w Zn on total solids) was 
added. The solution was tested as a can lacquer. A U-6 pm 
thick film was applied to tin plate panels with a wire rod 
applicator and stored at 200°C during 10 minutes. The clear 
colourless coating had an excellent flexibility (test: coated 
panel folded, and dipped in aqueous CuSOj/HCl solution: on 
the bena no dark discoloration). MBK rubs: > 50. Standard 
sterilization test in distilled water (in autoclave at 120°C, 
90 minutes): film not affected. 
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CLAIMS 

1. A thermosetting binder composition, heat-curable to give 
an insoluble infusible coating, comprising: 

(I) a mixture or precondensate of: 

(1) a non- acidic resinous compound essentially free of 
ethylenical unsaturation, having a molecular weight 
of at least 900 and a hydroxyl content of at least 
0,2 equivalent per 100 g, and 

(2) as cross-linking agent a non-acidic polyester of a 
polycarboxylic acid having more than one 3-hydroxyl 
ester group per molecule, at least one of com- 
ponents (1) and (2) having a hydroxyl functionality 
of more than 2, and 

(II) as curing catalyst a transesterification-promoting metal salt 
or metal complex which is soluble in liquid hydrocarbons. 

2. A binder composition as claimed in claim 1 , wherein 
component (I) (1) has a hydroxyl content of not more than 
0.8 equivalent per 100 g. 

3. A binder composition as claimed in claim 1 or 2, wherein 
component (I) (1) is an alfcyd resin. 

1*. A binder composition as claimed in claim 1 or 2, wherein 
component (I) (1) is a polymeric glycidyl or glyceryl poly- 
ether of 2,2-bis(l^-hydroxyphenyl)propane having a molecular 
weight (Mn) of more than 1U00. 

5 # A binder composition as claimed in claim 1 or 2, wherein 
component (I) (1) is a resinous copolymer of styrene and 
allyl alcohol. 

6. A binder composition as claimed in claim 1 or 2, wherein 
component (i) (1) is a polymeric reaction product of capro- 
lacton and a polyhydric alcohol. 

7. A binder composition as claimed in claim 1 or 2, wherein 
component (I) (1) is a polyester from a hydroxy alkane mono- 
carboxylic acid and a polyglycidyl polyether of 2,2-bis(l+- 
hy dr oxyphenyl ) prop an e . 
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8. A "binder composition as claimed in claim 1 or 2, -wherein 
component (I) (1) is a compound having the formula 

A-B 1 — C-B — )j A 

wherein m is a number from 0 to 2, A a group which is linked 
to B through a tertiary amino function, B a group 

-CH 2 -CH-OT 2 — 

OH OH OH 

5 wherein n is a number from O to U, R the hydrocarbon radical 

of a dihydric phenol, and C a group which is linked to B through 
two tertiary amino functions. 

9. A binder composition as claimed in claim 1 or 2, wherein 
component (i) (1) is a compound having the formula: 
£a-B (— C- B ) m J B 

10 wherein A, B, C and m have the same meaning as in claim 8, 

p is a number from 3 to U, and D is a group linked to B through 
p tertiary amino functions. 

10. A binder composition as claimed in claim 6 or 9» wherein 
A is a dial kanolamino group. 
15 11. A binder composition as claimed in any one of claims 1-10, 
wherein component (I) (2) is a non-acidic polyester prepared 
from a polycarboxylic acid anhydride, one or more glycols, 
glycol mono-ethers, polyols, and/or mono-epoxides . 

12. A binder composition as claimed in claim 11, wherein 
20 component (I) (2) is derived from trimellitic anhydride. 

13. A binder composition as claimed in claim 11 or 12, wherein 
at least one glycol component in (I ) (2) is derived from a 
glycidyl ester of saturated aliphatic monocarboxylic acids 
wherein the carboxyl group is attached to a tertiary or 

25 - quaternary carbon atom, which monocarboxylic acids contain 
9 to 11 carbon atoms per molecule. 

1U. A binder composition as claimed in claim 1 or 2, wherein 
at least one of components (D (D and (I) (2) is a hydroxy- 
containing copolymer of a 2- hydroxy alkyl acrylate or -metha- 
30 crylate and one or more other copolymerizable monomers. 
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15. A binder composition as claimed in any one of claims 1 to 
13, vherein component ( II) is a polyvalent metal salt or 
complex which is insoluble in water. 

16. A resinous binder composition which after neutralization 
with an acid can be diluted with water, the binder comprising 
a mixture or precondensate of a component (I) (l) as claimed 
in any one of claims 8 to 10, a component (I) (2) as claimed 
in any one of cl aims 11 to 13, and a component (II) as claimed 
in claim 15- 

17. A process for the preparation of a binder composition as 
claimed in any one of claims 1 to 16, comprising mixing com- 
ponents (I) and (II). 

18. An aqueous paint bath for cathodic electrodeposition 
comprising 2 to 20 per cent by weigiht of a binder composition 
as claimed in claim 16 or prepared as c l a im ed in claim 17» in 
which 20 to 100JS of the amino groups is neutralized with a 
carboxylic acid. 

19. A process for the preparation of an insoluble, infusible 
coating on a surface comprising applying a binder composition 
as claimed in any one of claims 1 to 1 6 or 18, or prepared 

as claimed in claim 17> onto the surface, and curing the 
coating at a temperature not higher than 200°C. 
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